INTRODUCTION {#sec1-1}
============

Sugarcane (*Saccharum officinarum* Linn.) is well-known crop of the family Poaceae. India is the second largest producer of sugarcane, after Brazil.\[[@ref1]\] *Saccharum* is derived from the Greek word '*Sakcharon*,' which means sugar especially sucrose. *S. officinarum* Linn, is a perennial grass, indigenous to tropical South Asia and Southeast Asia. It has a thick longitudinal stalk, which is generally three to five meters in height, approximately 5 cm in diameter, and is characterized by its sweet taste due to its high sucrose content. It is also known as chewing and noble cane. The sugarcane crop grows well in tropical and subtropical regions. It will require well-drained soil of pH 7.5 - 8.5 and high organic matter, along with a hot and humid environment.\[[@ref2]\] Sugarcane has been used in various parts of world for curing various diseases. In the Ayurvedic system of medicine sugarcane is used either as a single drug or in combination with some other plant materials.\[[@ref3][@ref4]\] Some native and traditional healers of the world have recommended sugarcane juice for its diuretic property.\[[@ref5][@ref6]\] It is thought that regular use of sugarcane juice will keep the urinary flow clear and fast, which will further help the kidneys to perform their function properly. Sometimes it is used with lime juice and ginger juice for better results. It is also used as aphrodisiac, laxative, cooling, demulcent, antiseptic, and tonic.\[[@ref7]\] According to the Unani system of medicine, sugarcane juice is considered good for patients with jaundice. It is considered beneficial for the liver and is recommended that jaundice patients take in a large amount of sugarcane juice for immediate relief. The assumptions of these traditional Indian medicinal systems have been supported by modern pharmacological studies, which have indicated that sugarcane has various bioactivities like anti-inflammatory, analgesic, antihyperglycemic, diuretic, and hepatoprotective effects. Although apigenin, tricin, and luteoline glycosides like orientin, vitexin, schaftoside, and swertisin were reported as the main constituents in sugarcane juice, various policosanols and steroids were also reported in different parts of *S. officinarum*. Owing to these bioactivities and chemical constituents, it has been noted that from the last few years great attention has been paid to the investigation of some lead moleculesthis cheapest crop for the various diseases. In the present study, we have tried to summarize the chemical profile and pharmacological aspects of sugarcane and its products. The aim and objective behind this review is to clear the picture of what scientists have done in this field and what the future focus of this field will be.

Sugarcane crop and its various products {#sec2-1}
---------------------------------------

Sugarcane crop is cultivated for the production of sugar, but the processing of sugarcane yields various valuable products such as bagasse,\[[@ref8]\] Brown sugar, molasses, syrup, and jaggery, along with sugar (table sugar). The processing of sugarcane in a large scale industry for the production of sugar is shown in [Figure 1](#F1){ref-type="fig"}. It is clearly indicated that sugar is obtained after refining of vacuum-concentrated cane juice. However, other sugarcane products such as jaggery, brown sugar, and molasses are obtained in an unrefined form.\[[@ref9]\] On account of the unrefined form of these products, there must be a presence of some phenolic compounds, which enhance their nutritional and medicinal value.\[[@ref10]\]

![Processing of sugarcane products](PRev-9-45-g001){#F1}

Taxonomical classification {#sec2-2}
--------------------------

Kingdom: Plantae

Order: Poales

Family: Poaceae

Subfamily: Panicoideae

Tribe: Andropogoneae

Genus: Saccharum

Species: *S. officinarum*

Botanical description {#sec2-3}
---------------------

*Saccharum officinarum* is a perennial plant that grows in clumps consisting of a number of strong unbranched stems. A network of rhizomes forms under the soil, which sends up secondary shoots near the parent plant. The stems vary in color being green, pinkish or purple and can reach 5 cm (16 ft) in height. They are jointed, nodes being present at the bases of the alternate leaves. The internodes contain a fibrous white pith, immersed in sugary sap. The elongated, linear, green leaves have thick midribs and saw-toothed edges that grow to a length of about 30 to 60 cm (12 to 24 ins) and width of 5 cm (2.0 ins). The terminal inflorescence is a panicle up to 60 cm (24 ins) long, a pinkish plume that is broadest at the base and tapering toward the top. The spikelets are borne on side branches and are about 3 mm (0.12 ins) long and are concealed in tufts of long, silky hair. The fruits are dry and each one contains a single seed.\[[@ref11]\] Sugarcane harvesting typically occurs before the plant flowers, as the flowering process causes a reduction in sugar content.\[[@ref12]\]

Phytochemical profiles of sugarcane and its various products {#sec2-4}
------------------------------------------------------------

### Chemistry of sugarcane wax {#sec3-1}

Sugarcane wax is a whitish to dark-yellowish powdery deposit on the surface of stalks and leaves of *S. officinarum*, which appears as a cuticle layer. It is necessary to consider sugarcane wax when reviewing the phytochemical profile of *S. officinarum* because of its widespread industrial application, and cosmetic and pharmaceutical interest.\[[@ref13]\] It is a potential substitute for the expensive carnauba wax.\[[@ref14]\] The amount of wax in sugarcane ranges between 0.1 and 0.3%, depending upon its variety.\[[@ref15]\] Sugarcane wax is used as a commercial source of long chain fatty alcohols, acids, esters, aldehydes, and ketones. Policosanols and D-003 along with some steroids and terpenoids have also been identified and isolated from sugarcane wax. Policosanols are a mixture of long chain primary aliphatic alcohols (1 - 8) ranging from 2.5 - 80%. Octacosanol (1) constitutes 50 - 80% of the total policosanoles.\[[@ref16]\] Other major pharmacologically active components of sugarcane wax are long chain aliphatic fatty acids (9 - 18) present at lower concentrations. The mixture of these acids is known as D-003 \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref17]\] Although fatty acid and fatty alcohol are reported as major constituents\[[@ref18][@ref19][@ref20][@ref21][@ref22]\] various phytosterols (19 - 22), steroids (23 - 28), and higher terpenoids (29 - 30) have also been reported in sugarcane wax\[[@ref23][@ref24]\] \[[Figure 3](#F3){ref-type="fig"}\].

![Chemistry of sugarcane wax (a) Long chain saturated fatty alcohols; (b) Long chain saturated fatty acids present in D-003](PRev-9-45-g002){#F2}

![Chemistry of sugarcane wax (a) Simple phytosterols; (b) Ketosteroids; (c) Hydroxyketosteroids; (d) Higher terpenoids](PRev-9-45-g003){#F3}

### Chemistry of sugarcane juice {#sec3-2}

Sugarcane juice is the first material used for the production of sugar and other various valuable products like raw sugar/brown sugar, jaggery, and molasses. Although these products are prepared from the same source, their method of processing is different, as shown in [Figure 1](#F1){ref-type="fig"}. Furthermore, to understand the phytochemistry of jaggery (non-centrifugal sugar), brown sugar, and molasses, it is necessary to explain the phytochemical profile of sugarcane juice. Sugarcane juice is obtained by grinding the sugarcane culms. Basically it comprises of 70 - 75% water, 13 - 15% sucrose, and 10 - 15% fiber. Before 1971, it was assumed that the color of juice might be due to the presence of plant pigments. In 1971, several color components from sugarcane juice have been identified, with chlorogenic acid (31), cinnamic acid (32), and flavones being some of them.\[[@ref25]\] Following that, all the colored components from sugarcane juice were classified into four major classes: Plant pigments, polyphenolic compounds, caramels, and degradation products of sugars condensed with amino derivatives. Sugarcane juice was then extensively studied for their flavonoid content. Thereafter, a large number of old and new flavonoids were isolated and identified.\[[@ref26][@ref27][@ref28]\] High-Performance Liquid Chromatography with Diode-Array Detection (HPLC-DAD) analysis of phenolic compounds from sugarcane juice showed the presence of phenolic acids such as hydroxycinnamic acid (33), sinapic acid (34), and caffeic acid (35), along with flavones such as apigenin (36), luteolin (37), and tricin (38) \[[Figure 4](#F4){ref-type="fig"}\]. Among the flavones, tricin derivatives accounted for the highest concentration.\[[@ref29]\] Extensive chromatographic and spectroscopic studies indicated the presence of various -*O*- and -*C*- glycosides of the above-mentioned flavones, and 3947 were identified\[[@ref30]\] \[[Figure 5](#F5){ref-type="fig"}\]. Four new minor flavones swertisin (48), tricin-7-*O*-neohesperoside-4'-*O*-rhamnoside (49), tricin-7-*O*-methylglucuronate-4'-*O*-rhamnoside (50), and tricin-7-*O*-methylglucuronide (51) were isolated and identified from sugarcane juice.\[[@ref31]\] In addition, some novel acylated flavone glycosides, such as, tricin-7-*O*-β-(6'-methoxycinnamic)-glucoside (52), luteolin-8-C-rhamnosyl glucoside (53), and tricin-4'-O-(erthroguaicylglyceryl)-ether (54) were isolated, along with orientin (47), from sugarcane juice\[[@ref32]\] \[[Figure 6](#F6){ref-type="fig"}\].

![Phenolic compounds identified from sugarcane juice (a) Phenolic acids; (b) Flavones](PRev-9-45-g004){#F4}

![Flavone glycosides identified from sugarcane juice (39 -- 47) and from sugarcane leaves (39, 40, 46, and 47)](PRev-9-45-g005){#F5}

![New Flavone glycosides identified from sugarcane juice (48 - 52) and from sugarcane leaves (53, 54)](PRev-9-45-g006){#F6}

### Chemistry of sugarcane products {#sec3-3}

Chemistry of various sugarcane products like mill syrups, brown sugar, molasses, and non-centrifugal sugar were also extensively studied.\[[@ref33]\] In addition to some known compounds of sugarcane juice (43 - 45 and 48), three new flavonoid glycosides, tricin7-(2'-rhamnosyl)-α-galacturonide (55), orientin-7, 3'-dimethyl ether (56), and iso-orientin-7,3'-*O*-dimethyl ether (57), were isolated and identified from mill syrups.\[[@ref34]\] Mollases have also been studied for their polyphenolic content. One novel O-glycoside, dehydroconiferylalcohol-9'-*O*-β-D-glucopyranoside (58) along with the already reported isoorientin-7, 3'-*O*-dimethyl ether (57) were isolated as antibacterial compounds from sugarcane molasses\[[@ref35]\] \[[Figure 7](#F7){ref-type="fig"}\]. Brown sugars are also used commercially in Brazil for its nutraceutical value and other biological activities.\[[@ref36][@ref37]\] Liquid chromatography-mass spectrometry (LC-MS) analysis of aqueous and dichloromethane extracts of brown sugars confirmed the presence of various phenolic acids (59 - 63). In addition to phenolic acids, eight major volatile constituents (64 - 70) were also reported to be present in brown sugars \[[Figure 8](#F8){ref-type="fig"}\].

![Phenolic glycosides of the sugarcane product](PRev-9-45-g007){#F7}

![Chemical constituents of brown sugar (a) Benzoic acid derivatives; (b) Cinnamic acid derivatives; (c) Volatile constituents](PRev-9-45-g008){#F8}

A comparative study of polyphenolic compounds in various sugarcane products indicated that molasses were the richest source of phenolic acids as compared to clear juices and syrup.\[[@ref38]\]

### Chemistry of sugarcane leaves {#sec3-4}

Sugarcane leaves are also an important source of various policosanols and D-003 because of the presence of a thick coating of sugarcane wax. Along with the above-mentioned policosanols (1 - 8) and D-003 (9 - 18), sugarcane leaves are also reported to have some phenolic compounds like flavonoids. HPLC microfractionation of methanolic extract of sugarcane leaves was successfully done and various flavones -*O*- and -*C*- glycosides (39 - 40, 46 - 47, 53 - 54) were identified.

Pharmacological activity {#sec2-5}
------------------------

Sugarcane contains various phytochemicals including phenolic compounds, plant sterols, and policosanols. Phenols help in the natural defense of plants against pests and diseases, while plant sterols and policosanols are the components of wax and plant oils. The phytochemicals have gained increased interest due to their antioxidant activity, cholesterol-lowering properties, and other potential health benefits. Several workers have reported the different biological activities of sugarcane in various *in-vivo* and *in-vitro* test models.

### Analgesic activity {#sec3-5}

Ethanol extracts (95%) of both fresh leaves and shoots were administered intragastrically to mice at a dose of 1 g/kg. The leaf extracts were active against benzoyl peroxide-induced writhing and tail-flick response, but ethanol extract of shoots were active only against the tail-flick method.\[[@ref39]\]

### Antihepatotoxic activity {#sec3-6}

The aqueous extract of dried stems administered intraperitoneally to mice, at a dose of 25 mg/kg, was active against chloroform-induced hepatotoxicity.\[[@ref40]\]

### Antihyperglycemic activity {#sec3-7}

The ethanol extract of both dried leaves and stems was administered intragastrically to rabbits at a dose of 1 g/kg and 60 mg/animal, respectively. The ethanol extract of leaves produced weak activity against alloxan-induced hyperglycemia.\[[@ref41]\] Furthermore, the juice of dried stems also exhibited hypoglycemic activity when administered intraperitoneally to mice at a dose of 200 mg/kg.\[[@ref42]\]

### Diuretic activity {#sec3-8}

The ethanol extract (50%) of fresh leaves administered intragastrically to rats at a dose of 40 ml/kg, was active, while its decoction did not exhibit any diuretic activity.\[[@ref43][@ref44]\]

### Acetylcholine release {#sec3-9}

The effect of policosanols on the release of acetylcholine (ACh) at the neuromuscular junction in mice was examined. Results showed that policosanols enhanced either the spontaneous or the evoked ACh release to a small extent. Furthermore, it was also observed that the rate of conformational changes induced at the nicotinic receptor channel complex were also increased, which confirmed the release of ACh.\[[@ref45]\]

### Anti-inflammatory effect {#sec3-10}

Mixtures of fatty acids isolated from sugarcane wax were examined for their anti-inflammatory effect on both rats and mice. Oral administration of this mixture showed anti-inflammatory activity in the cotton pellet granuloma assay and in the carrageenan-induced pleurisy test, both in rats, as well as in the peritoneal capillary permeability test in mice.\[[@ref46]\]

### Antihypercholesterolemic effect {#sec3-11}

The antihypercholesterolemic effect of policosanols was examined on normocholesterolemic New Zealand rabbits. Policosanols were administered orally at a dose of 5 - 200 mg/kg for four weeks. Results showed that there was a significant decrease in the level of total cholesterol and low density lipoprotein cholesterol (LDL-C) in a dose-dependent manner. The serum triglyceride level was also reduced, but the reduction observed was not dose-dependent. The high-density lipoprotein level remained unchanged.\[[@ref41]\] The policosanols were also examined for prevention of atherosclerosis in male New Zealand rabbits fed on a cholesterol-rich diet for 60 days at doses of 25 or 200 mg/kg. Policosanol-treated rabbits did not develop marked hypercholesterolemia and the intima thickness was also significantly less compared to the control animals.\[[@ref47]\]

### Antithrombotic activity {#sec3-12}

Policosanols and D-003 were examined for their platelet aggregation and antithrombotic activity in rats. Oral administration of D-003 at a single dose of 200 mg/kg and policosanols at a concentration of 25 mg/kg in rats, significantly increased the plasma level of 6 keto-PGF1-α (a stable metabolite of prostacyclin PGI (2) as compared to the control group. Furthermore, D-003 also significantly reduced the thromboxane, TxB (2), plasma levels and weight of venous thrombus in collagen-stimulated whole blood of rats\[[@ref48]\] The pharmacokinetic study showed that the effect of D-003 was observed after 0.5 hours of dosing and the maximal effect exhibited after one to two hours of treatment.\[[@ref49]\]

Toxicity profile of sugarcane juice {#sec2-6}
-----------------------------------

There is some presence of polycyclic aromatic hydrocarbons (PAHs) in sugarcane juice. PAHs are formed during incomplete combustion of the organic matter and their presence originates mainly from processing and cooking of food. At harvesting season most of the sugarcane plantation is burnt and this burning is an important source of PAHs. HPLC analysis of sugarcane juice collected at different periods was done, which confirmed the presence of four PAHs: Benz (a) anthracene, benzo (b) fluoranthene, benzo (k) fluoranthene, and benzo (a) pyrene in the juices collected in the harvested period.\[[@ref50]\]

CONCLUSION {#sec1-2}
==========

The modern phytochemical and pharmacological reports on the sugarcane crop and its different products, used as food in India, were reviewed. Sugarcane juice is commonly known as a nutritional drink in India and is considered a unique source of variable contents of different hydrophilic components, with significant biological activities. Sugarcane juice and its unrefined products such as brown sugar, molasses, and jaggery are the richest source of phenolic compounds, such as, phenolic acids, flavonoids, and different glycosides. These components justified their presence in the juice by showing significant pharmacological results. As sugarcane juice contains 70 - 75% of water, the probability of having a lipophilic compound is very less. Although the chemistry of sugarcane juice is mostly associated with sugarcane leaves and shoots in the presence of phenolic compounds, they differ from sugarcane juice in having various policosanols, D-003, and phytosterols. These lipophilic compounds are the important components of sugarcane wax and are reported to have various pharmacological effects like sympathomimetic, antihypercholesterolemic, and antithrombotic activities.

As future investigations continue, *S. officinarum* and its products may prove to be a rich source of new compounds and there is a wide scope for investigating more activities from the compounds isolated from this cheapest source. Although few reports have shown the presence of carcinogenic compounds such as polycyclic aromatic hydrocarbons in *S. officinarum*, there is still a need for more advanced studies to confirm the presence of these hydrocarbons.

Discussing about the future, three prospective goals seem to be largely open for future exploitation. Once the accurate and precise chemical composition of the compounds in *S. officinarum* is understood, it will lead to further studies, to understand the metabolic pathways of these useful compounds. Second, understanding the phytochemistry of certain unrefined products of sugarcane such as jaggery will further verify the thermostable chemical components of sugarcane juice, which remain in it. The third goal will be to understand the phytopharmacological studies. In addition, despite the large number of identified compounds in *S. officinarum*, there is a scarcity of detailed examinations of their pharmacological activities.
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